Introduction
In the seasonal cycle of freshwater phytoplanton occurring in temperate lakes, the appearance of cyanobacteria is probably due to increased light and temperature at the end of spring (Reynolds et al. 1981) . In warmer climates where annual temperatures and light intensities are higher, cyanobacteria can dominate in high nutrient waters (Hallegraeff 1993) . In marine water, harmful algae are almost exclusively the red tide organisms called dinoflagellaes, while in fresh and brackish waters, they are the cyanobacteria (Carmichael 1996) .
Cyanobacteria are well-known producers of potent toxins that may cause death of domestic animals and wildlife (Skulberg et al. 1984 , Gorham & Carmichael 1988 , Carmichael 1997 , and jeopardize human health (Billings 1981 , Bourke et al. 1983 , Falconer et al. 1983 , Turner et al. 1990 , Hayman 1992 , Jochimsen et al. 1998 ). They produce two major groups of toxins, alkaloid neurotoxins and peptide hepatotoxins (Carmichael 1988 (Carmichael ,1992 . Of particular importance are the hepatotoxic cyclic peptides called microcystins (MCYSTs) (Skulberg et al. 1993 , Carmichael 1997 ).
Toxic cyanobactria have been commonly observed in reservoirs and rivers used as drinking water sources ; and in recreational waters worldwide (Watanabe et al. 1989 , Sivonen et al. 1990 , Carmichael 1992 , Carmichael & Falconer 1993 , Brittain et al. 2000 . Although Mohamed (1998) isolated and charcterized MCYSTs from toxic species of cyanobacteria in river Nile irrigation canals and fish ponds in Egypt, no data has been published on MCYST levels in the drinking water sources. Therefore, we undertook this study to determine levels of MCYSTs within the phytoplankton and surrounding water in the river Nile as well as in finished drinking water during the main part of the waterbloom forming season for cyanobacteria in Egypt.
Materials and methods

Collection of samples
Samples were collected monthly using a 20 [im meshnet during the warm season (May -October 1999) from the river Nile close to the intake of two water treatment stations built on the river Nile at Sohag city (Fig. 1) . Each sample was a composite of three subsamples collected at different distances around the intake of each water treatment station. Finished drinking water samples were collected from the tap water of three houses which received water from these water treatment stations.
Measurement of chlorophyll
Chlorophyll a as a measure of biomass, was determined spectrophotometrically in a methanol extract of a known volume of the river Nile water sample according to the method of Tailing & Driver (1963) . Phytoplankton cells were counted using a haemocytometer, and algal species were identified according to Presccot (1978) .
Determination of MCYST levels
MCYST concentrations were determined in phytoplankton by the enzyme-linked immunosorbent assay (ELISA) according to An & Carmichael (1994) . The amount of MCYST was calculated in relation to the amount of chlorophyll a instead of dry weight because of the presence of other particles in the river Nile water that may affect the biomass weight. MCYST levels in the river Nile (cell free) and drinking water were also determined by ELISA, after passing the filtered river Nile water as well as tap water through C18 cartridges (solid-phase extraction) (Brittain et al. 2000) . The relationships among MCYSTs content in phytoplankton, chlorophyll a, potable river Nile water and the number of cyanobacterial species were examined by correlation analysis.
Results
The results of this study did not differ significantly between the samples collected at station I and station II. The different cyanobacterial species found were Gomphospaeria lacustris, Merismopedia incerta, Microcystis aeruginosa, and Oscillatoria agardhii (Table  1 , 2). Chlorophyll a contents of the water samples differed dramatically during all time periods sampled (May-October) (Fig. 2) . MCYST concentration in the phytoplankton collected at the two stations, did not correlate with chlorophyll a content (r = -0.249). The highest values of MCYST were recorded in July and September (Fig. 3) . On the other hand, MCYST levels in phytoplankton had a positive correlation with cell number of Microcystis (r = 0.6), Gomphosphaeria (r = 0.7) and Oscillatoria (r = 0.6) at both sample collection sites.
Microcystin contents in the cell-free river water had a positive correlation with those in the phytoplankton (r = 0.44). The maximum levels of MCYST, in the cell-free water, were detected in September for both stations, and were 0.78 and 0.4 |ig L 1 , respectively (Fig. 4) . MCYSTs in finished drinking water were very low (56.1-87.1 ng L" 1 ) and were detected only in May and June (Fig. 5) . 
Discussion
When MCYSTs occur in water bodies that are used for drinking water, they present a hazard and potential risk to human and animal health (Chorus & Bartram 1999 , Hitzfeld et al. 2000 . The high variability in the toxicity of cyanobacteria within and between years, and even within a water body on a particular day, makes assessment of the potential risk to users a major problem (Kotak et al. 1995) .
Phytoplankton are monitored by using biomass measurements and direct counting. The biomass most frequently used is chlorophyll a, with peak values for an oligotrophic water being about 1.5-10.5 |ig/L, while in eutrophic waters it can be about 300 |ig/L (Carmichael 1996) . Our study showed that the river Nile lies within the range of oligotrophic waters.
Most studies on seasonal variability of MCYST content in phytoplankton, show that MCYST concentrations correlate with the abundance of certain cyanobacteria species in the phytoplankton rather than chlorophyll a. Tsuji et al. (1996) found that there is no relationship between the production of MCYST and chlorophyll a in Lake Sagami, Japan. Kotak et al. (1996) showed that MCYST concentrations were associated with the abundance of M. aeruginosa in the phytoplankton while Henriksen & Moestrup (1997) found that the highest concentrations of MCYSTs were detected in samples dominated by Planktothrix agardhii when collected from lake Skt.jorgen Sd, Denmark. The results of our present study agree with these previous findings, in that we found the highest concentrations of MCYSTs in the phytoplankton did not correlate with chlorophyll a content, but did correlate strongly with the abundance of Microcystis aeruginosa, Gomphosphaeria lacustris and Oscillatoria agardhii in the phytoplankton.
Microcystins are normally confined within the cells and released into the surrounding water as a result of (4) chemical treatment (Kenefick et al. 1993 , Lam & Prepas 1997 or natural senescence (Berg et al. 1987) . During our study released MCYSTs into the river Nile water increased as MCYST levels in the phytoplankton increased and reached their maximum in September (0.4 -0.78 |ig/L). Thus, our results agree with those obtained by Kotak et al. (1996) , when they found that MCYSTs increased over the summer, peaking at 0.344 (ig/L in mid-August, and were correlated with MCYST in the phytoplankton. Earlier, Tsuji et al. (1996) detected MCYSTs in cell-free water of Lake Sagami and Lake Tsukui, Japan at a level of 0.02-2.64 Hg/L.
ELISA is a very sensitive technique for detecting trace amounts of MCYSTs in drinking water at the ng level (Chu et al. 1990, Carmichael & An, in press) . Using this technique enabled us to detect low amounts of MCYSTs in the finished drinking water of the river Nile. A previous study on seasonal variation of MCYST content in drinking water supplies in Haimen (China) in 1994, showed that MCYSTs were present only during June-September plus one occurrence in May (Ueno et al. 1996) .
Our study showed that MCYST levels in finished drinking water supplies at Sohag city did not exceed the new World Health Organization guideline level (1 |Lig/L). However, the study did confirm that MCYSTs are present in river Nile water, both before and after treatment. This leads us to recommend that drinking water supplies at other sites in Egypt, using river Nile water, should be tested for MCYSTs, either by monitoring cell counts so that they do not exceed the threshold level of 5000 cells of cyanobacteria /ml or by direct measurement of MCYSTs so that they do not exceed 1 |xg L -1 (Chorus & Bartram 1999) .
In conclusion, this study found that : * Microcystins contents in the phytoplankton correlated positively and significantly with cell numbers of Microcystis, Gomphosphaeria and Oscillatoria, rather than with chlorophyll a content (biomass) of phytoplankton samples.
* Microcystin levels in finished drinking water supplies at Sohag City, Egypt did not exceed the new World Health Organization (WHO 1998) guideline level (1 \Lg/L).
